As a part of our study to clarify the interaction of food ingredients with the aryl hydrocarbon receptor (AhR), we studied the interaction of 10 constituents (phytol, p-coumaric acid, 5 flavonol glycosides, adenosine, guanosine and uridine), isolated from aqueous alcohol extracts of spinach and komatsuna, with the AhR by applying the AhR-based bioassay for dioxins, the Ah-Immunoassay and the AhR-dependent luciferase reporter gene assay. Among them, flavonol glycosides and phytol had slight inhibitory effects on AhR activation by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) at high concentrations, however the effects were not comparable with those produced by kaempferol, regarded as one of the main antagonists of AhR. Also, flavonol glycosides showed weak luciferase inductions at high concentrations.
INTRODUCTION
The aryl hydrocarbon receptor (AhR) is an inducible ligand-dependent transcription factor that mediates the biological and toxic effects of a structurally diverse range of chemicals. 1, 2) Ligands of the AhR include several classes of environmental carcinogens such as dioxins representing 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), which is an archetypal dioxin known to be the most potent congener. Therefore AhR is called a dioxin receptor, and it is indicated that AhR mediates the toxic and biological effects of dioxins. [3] [4] [5] Pollutants such as dioxins are artificial products which have only recently appeared in the environment. Therefore, AhR might have some other primary significance in the living body; for example it is considered that AhR is one of the orphan receptors. Recently, several research groups have studied this field to clarify the functional information of AhR. 2, [6] [7] [8] [9] [10] [11] [12] [13] We are also investigating this and have reported on the interaction of plant food extracts and ingredients in plant foods with AhR. [14] [15] [16] [17] In previous reports, 14, 17) we examined and reported the interaction of many food plant extracts with AhR (the inhibitory effect of AhR activation by TCDD and the induction of AhR activity) by applying the AhR-based bioassays for dioxins [Ah-Immunoassay and the chemical-activated luciferase gene expression (CALUX) assay], and green leafy vegetables such as spinach showed inhibitory effects on AhR activation by TCDD and induction of AhR activity. Therefore, it is considered that identifying the ligand ingredients of these extracts is important as a next step for elucidating the functional roles of AhR.
Based on this background, we attempted to isolate and identify AhR-bioactive substances from green leafy vegetables, spinach and komatsuna. Mitsubishi Chemical Corporation, Tokyo, Japan) and TSK gel Toyopearl HW-40F (Tosoh Corporation, Tokyo, Japan), and thin layer chromatography (TLC) was performed on precoated Silica gel 60 F 254 plates (Merck, Darmstadt, Germany). TCDD (98%) and DMSO were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). The Ah-Immunoassay kit was obtained from Kubota Corporation (Osaka, Japan). Fresh spinach and komatsuna were purchased from a supermarket in Tokyo, Japan. Extraction and Isolation ---Fresh komatsuna (Brassica campestris var. peruviridis) (1.2 kg) was homogenized with 50% aqueous ethanol (5 l), filtered, and concentrated in vaccuo. The concentrated solution was subjected to liquid-liquid partition (each 4 l) to give four extracts: n-hexane (178 mg), ethyl acetate (535 mg), n-butanol (2.0 g), and watersoluble (22.6 g) portions. The n-hexane extract was applied to a silica gel column (n-hexane-ethyl acetate), and then further purification was achieved by preparative TLC (Silica gel, CHCl 3 -MeOH 100 : 1) to give phytol (1) (4.5 mg). The ethyl acetate extract was separated using column chromatography over MCI-gel CHP 20P in a step-wise gradient of aqueous MeOH to afford isorhamnetin 3-O-β-D-glucoside (2) (7. 
MATERIALS AND METHODS

Generals
Evaluation of Inhibitory Effect on AhR Activation by TCDD and AhR Ligand Activity Using
AhR-Based Bioassay ---To evaluate AhR-based activities, Ah-Immunoassay and CALUX assay described in previous papers were used. [14] [15] [16] [17] Briefly, for Ah-Immunoassay, the cytosol was added to the sample, or DMSO was added as the control, the mixture was preincubated, and then incubated with 5 nM TCDD (the final DMSO concentration was 1% in cell culture medium). After incubation, the formation of the TCDD-AhR complex was determined with enzyme-linked immunosorbent assay (ELISA) kit and the absorbance was determined at 405 nm. The CALUX assay, which has been recently applied as a screening procedure for the identification and characterization of a novel class of AhR ligands/agonists, 18) was employed as follows. Mouse hepatoma H1L1 cells were cultured in 96-well culture plates, and samples dissolved in DMSO were added at final concentrations of 0.01-100000 nM in 8 steps (the final DMSO concentration was 1% in the cell culture medium). The plates were incubated to produce the optimal expression of luciferase activity. After the addition of luciferin as the substrate, the luciferase activity was determined under luminometer.
RESULTS AND DISCUSSION
Fresh spinach and komatsuna were extracted with 50% aqueous ethanol, and then their concentrated extracts were divided into n-hexane, ethyl acetate, n-butanol and water soluble layers in komatsuna, and ethyl acetate and water layers in spinach. After concentration of each layer, the portions' influence on the AhR-pathway induced by TCDD (each fraction was 5-500 µg/ml as a final concentration) was evaluated using the Ah-Immunoassay as an experimental model. As a result, 50% effective concentration (EC 50 ) for n-hexane and ethyl acetate fractions in komatsuna were 15 and 22 µg/ml, respectively, and that for n-butanol and water soluble fractions were > 250 µg/ml, when the concentrations producing AhR activity equal to 50% of the maximal response to TCDD in controls were expressed as the EC 50 value. In spinach, EC 50 for the ethyl acetate fraction and the water soluble fraction were 25 µg/ml and > 250 µg/ml, respectively. n-Hexane and ethyl acetate extracts from komatsuna and ethyl acetate extract from spinach showed marked inhibitory effects against TCDD-induced activation of AhR. To clarify the compounds inhibitory to AhR activation by TCDD, n-hexane and ethyl acetate extracts of komatsuna (ethyl acetate extract in spinach) were subjected to a combination of chromatographies over silica gel, Toyopearl HW-40 and MCIgel CHP 20P, to give phytol (1), 19) 
21) from komatsuna, and p-coumaric acid (4), 22) 3,6-dimethyl-5,7,3′,4′-tetrahydroxyflavone 4′-β-D-glucuronide (5), 23) 5,3′,4′-trihydroxy-3-methoxy-6 : 7-methylenedioxyflavone 4′-β-D-glucuronide (6), 23) 6-methoxy-3,5,7,3′,4′-pentahydroxy- 24) adenosine (8), guanosine (9) and uridine (10) 25) from spinach ( Fig. 1 ). The identification of these compounds was established by comparing the physical and spectral data with literature values or by direct comparisons with authentic specimens. Compounds 1-3 from komatsuna, and 8 and 9 from spinach were identified for the first time, although compounds 4-7 and 10 have already been isolated and identified from spinach.
Next, the inhibitory effect on TCDD-induced activation of AhR in compounds (1-10) was examined. The results are shown in Fig. 2(a) as the doseresponse curves. As shown, flavonol glycosides (compounds 2, 3 and 5-7) and compound 1 showed a slight inhibitory effect on AhR activation at high concentrations around the 50 µM level (inhibitory effect of ca. 20%), however they had weak inhibitory effects as can be seen from comparison with that of kaempferol as shown in Fig. 2(a) , and were less than the EC 70 level even at high concentrations when the concentrations producing AhR activity equal to 70% of the maximal response to TCDD in controls were expressed as the EC 70 value (EC 70 of kaempferol = 2.1 µM). In previous paper, 16) we reported that the glycosides of flavonoids tend to weaken this activity. Flavonols identified in this study are also glycosides, and indicated the same tendency.
Additionally, the in vitro AhR-inducing potencies of compounds 1-10 were determined by the CALUX assay. Dose-response curves are plotted in Fig. 2(b) . The response produced by TCDD was considered to be 100%. Flavonol glycosides (compounds 2, 3, 6 and 7) showed slight activation of luciferase (ca. 10-20%) at high concentrations in the order of 10 5 nM, but it was not noteworthy as an AhR activating substance.
Although the extracts of komatsuna and spinach showed inhibitory effect on AhR activation by TCDD and AhR induction, the identified compounds showed only a low activity at high concentrations. Therefore, the presence of other compounds not isolated in this study is suggested. Further research on the other compounds, including the other fractions in komatsuna and spinach, is currently in progress. 
